The article aimed at identifying and discussing scientific evidences on the benefits and risks of fish consumption the human health. There was a systematic survey for articles published from 2003 and May 2011, at the MedLine, Scopus, SciELO, Lilacs and Google Scholar databases. The key words used were: fish, food intake, omega-3 fatty acids, fatty fish, benefits, risk, and consumption. The search produced 12,632 articles, 25 eligible cohort studies on possible benefits, 61 on risks and 10 studies that assessed the "risk/benefit" relation. Of the 25 works, 14 suggested a preventive effect of fish consumption related to cardiovascular diseases, depression, cataract and some types of cancer. Evidences of a relation between exposure to mercury and an increase in the risk of neurological disorders, but not of cardiovascular diseases, were also found. Given the importance of fish consumption, its possible risks and the lack of Brazilian studies on the topic, it is important to conduct more longitudinal studies that assess both the benefits and risks of fish consumption for the human health. We also emphasize the need for policies to reduce exposure of fish and seafood to mercury and other contaminants.
A B S T R A C T
The article aimed at identifying and discussing scientific evidences on the benefits and risks of fish consumption the human health. There was a systematic survey for articles published from 2003 and May 2011, at the MedLine, Scopus, SciELO, Lilacs and Google Scholar databases. The key words used were: fish, food intake, omega-3 fatty acids, fatty fish, benefits, risk, and consumption. The search produced 12,632 articles, 25 eligible cohort studies on possible benefits, 61 on risks and 10 studies that assessed the "risk/benefit" relation. Of the 25 works, 14 suggested a preventive effect of fish consumption related to cardiovascular diseases, depression, cataract and some types of cancer. Evidences of a relation between exposure to mercury and an increase in the risk of neurological disorders, but not of cardiovascular diseases, were also found. Given the importance of fish consumption, its possible risks and the lack of Brazilian studies on the topic, it is important to conduct more longitudinal studies that assess both the benefits and risks of fish consumption for the human health. We also emphasize the need for policies to reduce exposure of fish and seafood to mercury and other contaminants.
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R E S U M O

I N T R O D U C T I O N
Fishes are rich in essential fatty acids, as well as in iron, vitamin B 12 and calcium. Fish consumption is recommended by The American Cancer Society and the American Heart Association (AHA) at least two times a week 1,2 .
Brazil has great potential for fish farming due to its extensive maritime coast and continental waters, together with the possibility of consumption of great variety of species 2 . Not with standing that, fish consumption in Brazil dropped considerably in recent years 3, 4 .
Some studies have demonstrated the health benefits of fish consumption thanks to the correlation between omega-3 fatty acids and a decrease in the incidence of coronary heart diseases 5-10 , depression 11,12 , stroke 13 , blood pressure 5,14 , glycemic index 14 , triglycerides 5 , cancer 15, 16 and others. On the other hand, researches could also quantify levels of fish contamination in 17 fish and check possible risks linked to its consumption, such as contamination by heavy metals, organochlorine pollutants and dioxins [17] [18] [19] [20] .
With the incentive to fish consumption and a current discussion on its benefits and risks 21, 22 , seconded by a lack of scientific studies with clear conclusions about contamination, it is imperative that literature about risks and benefits of fish consumption is reviewed, especially in Brazil. Moreover, in the searches performed, no critical reviews on the subject were found. Therefore, this article aimed at identifying and discussing scientific evidences on the benefits and risks of fish consumption for the human health.
M E T H O D S
The study was designed to answer a guiding question: what are the scientific evidences on benefits and risks of fish consumption for the human health? The methodology adopted followed the basic procedures recommended for studies of literature on systematic reviews [23] [24] [25] . In other words, systematic methods were used to critically identify, select and discuss articles published on the theme investigated and related objectives, materials and methods, as well as results observed, with drawing of conclusions on the corresponding state-of-the-art or available scientific knowledge [23] [24] [25] .
A systematic search to capture scientific articles published was accomplished in the period between January 2003 and May 2011, in the MedLine (National Library of Medicine), Scopus, SciELO (Scientific Electronic Library Online), Lilacs (Caribbean Latin American Literature and in Sciences of the Health) electronic databases and in Google Scholars. The key words used were: fish in combination with food intake (dietary consumption), omega-3 fatty acids, fatty fish, benefits, risk, consumption.
The criteria to include articles, defined prior to the systematic survey on literature were: a) articles discussing the association between fish consumption and health benefits; b) articles discussing the association between omega-3 fatty acids consumption and health benefits; c) articles discussing the relation between fish consumption and risks to the health; d) articles discussing the relation between consumption of contaminated fish and risks to the health; e) articles on human beings; and f) articles published in the Portuguese, English and Spanish languages. The criteria to exclude articles were: a) articles discussing the association between fish oil consumption and health benefits; b) studies on fish oil and omega-3 fatty acids supplements; c) articles whose discussion and/or objectives did not include fish consumption assessments; d) articles of literature reviews; e) studies on validation of questionnaires; f) studies on software development; g) articles with the same data sources (same study population); h) articles with children or pregnant women; i) articles with incomplete texts even after request to authors through electronic and institutional addresses available in the publications.
Considering all the electronic databases investigated, 12,632 articles were found. After reading of headings and abstracts, studies with no relation with the subject of this review and/or of similar nature were discarded. Initially, 385 articles related to possible benefits and risks of fish consumption were selected for a preliminary analysis. Among which, 152 articles met the right criteria for inclusion.
Of the 152 articles selected for analysis, 81 were related to the possible benefits of fish consumption for the human health; 61 discussed consumption of contaminated fish and its possible risks for the human health; and 10 assessed, simultaneously, the relation "risk/benefit" of fish consumption for the human health. Therefore, the investigation presented the results ahead with the following analysis criteria for the initial grouping of the 152 studies selected: articles related to "benefits", articles related to "risks" and articles related both "risks" and "benefits" of fish consumption for the human health.
After comparative analysis of the 152 studies selected, 25 of them referring to cohort studies about the benefits of fish consumption were selected and the remaining ones discarded for bearing investigations of another methodological nature. For the critical analysis of these 25 articles, it was established a descriptive script in accordance with proposals by Moher et al. 23 and von Elm et al. 25 , where each article selected should be analyzed in relation to its objectives, materials and methods, results and conclusions, displaying a synthesis of the available scientific knowledge investigated on the theme. These 25 articles were characterized according to the following criteria for analysis: year of publication; place of research; size and sample characteristics; analyzed variables; type of statistical analysis of data; and results, including stratification or cut-off point for amount and frequency of fish consumption (Attached). Just one cohort article on possible risks of fish consumption for the human health was selected. So, as most researches that included risks were observational studies of cross-sectional nature and it was not possible to infer a causal relationship, studies on possible risks or risks/ benefits of fish consumption for the human health were analyzed separately.
Attention must be called to absence of conflict of interests in the study design. (Attached).
R E S U L T S A N D D I S C U S S I O N
General characteristics of studies
Of the pathologies investigated, 13 studies assessed the association between fish consumption and cardiovascular diseases (ischemic heart disease, unspecified cardiovascular diseases, atherosclerosis progression, atrial fibrillation, arrhythmia, stroke, heart attack and venous thromboembolism) 6,7,9,10,13, 26, 28, 30, 33, [35] [36] [37] 39 ; 6 had analyzes on distinct types of cancer (not specified, prostate, breast, colon and renal cell) 15 , the linear trend 11 and the Person-time 16 were applied in a study each (Attached).
In the analysis of dietary methods, it was observed that 21 studies used semi-quantitative food frequency questionnaires [6] [7] [8] [9] [10] [11] 13, 15, 16, [26] [27] [28] [29] [30] [31] [32] [33] [34] 36, 37, 40 .
In 7 studies, the questionnaire was sent by mail to the participants 8, 11, 12, 15, 16, 26, 34 ; in the others, it was delivered in person or applied by the interviewer. The amount of items referring to fish consumption in the questionnaires varied depending on the study from 1 to 19 items analyzed. Not all studies mentioned the number of items included in the questionnaire of dietary frequency or how many of them referred to fish consumption. It was observed there was a validation of dietary methods in 20 6-11,13,15,16,27-32,34-38 of the articles analyzed (Attached).
Regarding studies main results, 14 (56%) displayed a beneficial relation between fish consumption and lower risk of prostate 15 and renal cell cancer 16 , of death by ischemic heart disease 9 and by heart failure 35 , of myocardial heart attack and non-fatal coronary events 29 . However, 11 studies (44%) could not find any associations with cancer in general (not specified) 26 , colon 34 , prostate 32 and breast 31 cancer; with stroke 26, 33 ; with atrial fibrillation 26, 28, 30, 37 ; with arrhythmia 26, 28 ; with depression 27 ; with risk of suicide 40 and with mental disorders in general 11 (Attached).
An important consideration is that in just two of the studies analyzed 9,13 , both conducted in the USA, have considered the preparation methods of fish as a variable in their investigations (Attached). These articles have demonstrated that consumption of grilled or baked fish is associated with lower risk of death by ischemic heart disease or arrhythmia, if consumed more than 3 times a week, and lower risk of stroke, if consumed from 1 to 4 or more than 5 times a week. On the other hand, consumption of fried fish or fish sandwiches revealed an association with higher risk for the same diseases.
These findings follow the Food Guide for the Brazilian Population 2 recommendations, which orients the population to prepare and consume food with little oil, such as baked, stewed, cooked or grilled dishes, and to prevent the fried ones. This guide was based on recommendations by the Global Strategy on Diet, Physical Activity and Health developed by the World Health Organization 41 , which recommends limiting consumption of high-energy food like fats and substituting unsaturated fats for saturated fat while also eliminating trans fatty acids.
Fish consumption and heart diseases
The relation between frequency of fish consumption and benefits for heart diseases could be found in studies on the population of USA, where it was demonstrated that a consumption frequency 1 time a week was associated with a reduction in the progression of atherosclerosis in women that have reached menopause and reduction in esthenosis in diabetic women 6 ; in the development of the venous thromboembolism in the 45 to 64 year old population, as well as in hospitalization and death rates due to weak heart in adult and aged women 36 . In Sweden, lean fish consumption of 3 times a week reduced stroke risk in women 39 . In a study conducted in Denmark 36 , the average consumption of 7g of fat fish a day was associated with lower risk of coronary syndrome in men, and in Japan 7 , fish consumption at 8 times a week was associated with lower risk of myocardial heart attack and non-fatal coronary disease when compared with a once-a-week consumption.
These studies demonstrate that fish consumption at least once a week can be a protective factor for heart diseases and, the higher the consumption frequency, the higher the protective effect is. The explanation for these findings can be: omega-3 fatty acids contribute to reduce the likelihood of blood clotting, and consequently, the risk of heart attacks and stroke 7, 10 . Therefore, it is recommended the consumption of fish with high levels of omega-3 fatty acids, such as trout, salmon, tuna, halibut, swordfish and mackerel, to prevent heart diseases, 2 to 3 times a week 42 .
On the other hand, studies found no associations between distinct ranges of portions/ frequency of fish consumption and any reduction in the risks of atrial fibrillation or arrhythmia (<2 times/week against 2 times/week) 28 , incidence of atrial fibrillation (~15g/day30 and 37 ~18g/day), of stroke (<1, 1-2 and >2 portions/week) 33 or of death by heart diseases (<0,5 to 2, 5 portions/ week) 26 . It must be highlighted that two 28, 37 of these are among the five studies 7,28,35-37 on cardiovascular benefits with the largest samples investigated. And concerning the other three, two revealed beneficial only for men 36 or only for women 35 . Therefore, it stands out that an ample sampling may, perhaps, lead to a wider variety of life styles and confusion factors, as well as evidence differences inherent to the sexes, with the possibility of a reduced association with the benefits of fish consumption.
It must also be mentioned that the lack of specification on how fish is prepared may take to a misleading conclusion about the benefits of its consumption in heart diseases prevention. When this specification is not investigated, results indicating no benefits may have been caused by the preparation method and not by fish consumption.
Fish consumption and cancer
A study conducted in the USA 15 reported that a fish consumption frequency higher than 3 times a week was associated with a reduction in the risk of prostate cancer in men. Myint et al. 33 analyzed the relation between the ingestion of Alpha-Linolenic Acid (ALA) and prostate cancer incidence, and came to the conclusion that consumption from 1.09g to 1.75g/day of ALA, found in foods of plant and animal origin, including fish, was not associated with a risk reduction of prostate cancer development (p=0.76). It is clear that although the relation between fish consumption and prostate cancer were studied in both researches, the variables studied were different from one another, since Augustsson et al. 15 checked a possible reduction in prostate cancer in connection with fatty acid found in seafood, whereas Myint et al. 33 have only observed this reduction in relation to ingestion of ALA.
According to a study developed by Paul Terry and published in the American Society Cancer site 42 , men who consumed fish less than two times a week had a higher risk of developing prostate cancer than those who consumed it more frequently (2 or more times a week).
A study conducted with 61,433 women who had no previous diagnosis of cancer, with ages between 40 and 76, found an association between consumption of fatty fish, in the frequency 1 a month, and a reduction of 74% in the risk of renal cell cancer 16 .
Other studies found no association between a possible beneficial relation of fish consumption and a reduction in the risk of cancer development. Folsom & Demissie 26 researched, in the USA, the relation between fish consumption and cancer incidence with risk of death by cancer in 41,836 postmenopausal women, with ages between 55 and 69, initially free of Cancer and Cardiovascular Diseases (CVD). The researchers found no association between ingestion of <0.5 to 2.5 portions/week of this food and cancer incidence (p=0.49) or risk of death (p=0.15).
Koralek et al.
32 checked the association between ALA total consumption and risk of prostate cancer. Contrary to the study conducted by Myint et al. 33 , the researchers found no association between ALA total consumption (1.09g to 1.75g/day) obtained from several dietary sources, such as fish, and risk of prostate cancer (p=0.76). It is clear that, in the study of Koralek et al. 32 , fish was not the only source of ALA. In Norway, Engeset et al. 31 found no association between consumption of 5.54g to 96.77g/day of fish and risk of breast cancer development. In this same country, Engeset et al. 34 analyzed fish consumption in 63,914 women, with ages between 40 and 71, and found no association between consumption of 46.2g to 167.2g/day with the relative risk of colon cancer (p=0.14). Thus, it was observed that the relation between cancer prevention and fish consumption is not well established, considering that few results were found to prove such beneficial effect, even when specific nutrients, that separately seem to interfere with the appearance and development of cancer, were studied.
Fish Consumption, neuropsychological disorders and cataract
About neuropsychological disorders associated to fish consumption, a study conducted with the adult population of Finland found that a low frequency consumption (up to 1 time/month) compared with the regular consumption ( 1 time/ week) was associated with depression in women, but not in the men 12 . In another study developed in that country, with 50 to 69-year-old men, was also found no association between fish consumption (average ~40 g/day) and depression 27 .
A study conducted with the adult population of Spain found no association between fish consumption (36.4 to 161.9 g/day) and the risk to develop mental disorders 11 . Another study developed in Japan with 40 to 69-year-old men and women also found no evidence of reduction in suicide risk related to fish consumption (32.5 to 152.84 g/day) 40 . Therefore, the researches abovementioned about risks of mental disorder development, depression or suicide only suggests a preventive effect in fish consumption in the incidence of depression in women.
Kalmijn et al.
8 assessed the cognitive function and dietary consumption, including fish consumption. The researchers found that, in 45 to 70 year-old people, the increase omega-3 of sea origin (EPA -Eicosapentaenoic Acid Consumption and DHA -Docosahexaenoic Acid) consumption was associated with reduction in the risk of cognitive function loss (19%). Hedelin et al. 38 also found that the risk of psychotic symptoms was 53% lower in women who consumed fish 3-4 times/week when compared to the ones who hardly consumed it.
Lu et al. 29 observed an association between fish consumption in the frequency of 3 times a week and a lower risk (relative risk =0.89) of developing cataract in women above 45 years of age, compared to the ones who ate fish 1 time a week (relative risk=1), p=0.01. It seems to be clear that fish consumption may prevent cataract, psychological disorders like depression and psychotic symptoms, and loss of the cognitive function, especially in women. However, few works approaching the issue were found suggesting a need of development of more studies to produce effective conclusions on the preventive effect of fish for such disease.
Fish consumption and fish contaminants
The cohort studies analyzed did not investigate aspects related to fish contaminants, which could be responsible for the lack of association with benefits observed in part of the studies and its possible effects on consumers' health. Therefore, it stands out that fish consumption may be beneficial to the health due to the presence of fatty acids while, at the same time, it may interfere with risk factors of some pathology, due to the presence of chemical contaminants.
In this sense, researches were conducted to quantify contaminants in fish and compare the values reported with limits recommended, as well as to find out risks involved in the consumption. Among the contaminants more largely studied, the leading ones were the heavy metals, mainly mercury, the Polychlorinated Biphenyls (PCB) and the Polybrominated Diphenyl Ethers (PBDE).
Kim & Lee 43 , in a study developed with 1,790 Korean 20 to 49 year-old men and women, found a relation between fish consumption and blood levels of mercury. Benefice et al. 44 reported that the increase in blood mercury levels among Amerindians living in the Bolivian Amazon, also related with fish consumption, was associated with a higher susceptibility in developing neurological disorders. .Most of the other studies that explain the risks of fish consumption are limited to identification and quantification of contaminants in varied species.
Because contaminants may bring risks to the human health, studies were conducted in order to quantify contaminants and omega-3 contents, and to compare ratios between these substances 45, 46 . Foran et al. 46 developed a riskbenefit ratio, relating cancer risk and other diseases with the cumulative exposure to organic contaminants and to the omega-3 contents present in fish. In this study, for some fish, the risk of contaminants was apparently compensated by the omega-3 fatty acid benefits to the health. Other researches revealed that salmon is the species with the highest omega-3 ratio in relation to contaminantes 17, 45, 47 . Wennberg et al. 48 found no association between omega-3 and mercury, and the risk of stroke.
However, few population-based studies were found, including cohort studies, which could meet the criteria for inclusion and which quantified fish consumption, relating the effects of omega-3 and the contaminants to the health of the population studied.
It is worth mentioning the study developed by Mozaffarian et al. 49 , who analyzed data of 6,854 participants of the Health Professionals Follow-up Study (HPFS) and Nurses' Health Study (NHS). It was observed that mercury concentrations were positively associated with fish consumption and high ingestion of EPA and DHA, low ingestion of saturated fats, monounsaturated fats, trans fats and cholesterol, and high ingestion of protein and polyunsaturated fats. Individuals exposed to a higher mercury concentration did not present an increased risk of cardiovascular events. Moreover, fatal associations with non-fatal myocardial heart attack, heart diseases or stroke were not observed.
Thus, evidences between exposure to mercury and an increase in the risk of heart diseases were not observed, although Benefice et al. 44 suggest that there may be a relation with higher susceptibility of developing other diseases, such as neurological disorders.
C O N C L U S I O N
In the review performed, it was observed that more frequent studies on fish consumption related it to potential benefits to the health of consumers. Heart diseases were the most frequently studied issue and also the ones that presented the most significant associations between health prevention and fish consumption.
Studies on risks suggested a relation between consumption of contaminated fish and cancer predisposition, heart diseases and neurotoxicity, but only cross-sectional studies suggesting them could be found instead of cohort studies that might help prove such associations.
Researches about the benefits of fish consumption were applied to similar populations as regards age, but with differences with relation to sample sizes, methods, statistical analyses and especially to results, which remain contrasting.
Besides, there were disagreements concerning the amount and frequency recommended for fish consumption in order to enjoy the benefits. However, despite the disagreements, there are national and international recommendations advising an ingestion of at least 2 times a week. Moreover, most of the studies about fish consumption is developed in the north hemisphere, and may not reflect the Brazilian reality since the fish species consumed are different as are the ways of preparation.
In view of fish consumption recommendations, especially concerning omega-3 intake, and of current discussions on fish contaminants together with the scarcity of national researches on the subject, it becomes clear the importance of a development of longitudinal studies that may integrate assessments on the benefits and on the risks of fish consumption with the human health. It is also fundamental the creation of policies to reduce fish and seafood exposure to mercury and other sources of contamination. Moderate fish consumption (1-2 portions/week) and omega-3 was associated with a lower number in hospitalizations for weak heart or death.
Moderate consumption of fat fish ( 7g/day) was associated with a lower risk of ACS in men There was no association between fish consumption (average 1.5 portions of 85g/week) and atrial fibrillation incidence Risk of psychotic symptoms was 53% lower with the consumption of fish 3-4 times/week compared to no consumption at all. 
